using in situ hybridization. The ribonucleotide probe, referred to the 5' end of open reading frame (6-515 nucleotids) of cytoplasmic dynein light-intermediate chain 53/55 (LIC-2) of the rat brain (Hughes et ah , 1995. /. Cell ScL , 108: 17-24) , was used. All spermatogenic cells were positive. Pachytene spermatocytes in later stages (afterstage VII) were the most intensely positive and round spermatids were also intense. These findings indicated that all spermatogenic cells may store the light-intermediate chain signal, and spermatocytes may produce it during later stages. The reaction in Sertoli cells was constant in intensity during the spermatogenic cycle, indicating that the light-intermediate chain mRNA signal mayhave no relation to the stage-dependent organelle transport, and that there may be post-translational regulation of the light-intermediate chain. In interstitium, only a few positive cells were observed. Northern blot hybridization demonstrated that one major band (2.0 kb) and two minor bands (4.4 kb and 3.5 kb) were detected in the testis, while one major band (4.4 kb) and one minor band (3.5 kb) were in the brain. This indicated that there are at least 3 isoforms in cytoplasmic dynein light-intermediate chain 53/55. Spermatogenesis is a dynamic process with cellular changes such as sperm-formation, meiosis, and mitosis. In the seminiferous epithelium, spermatogenesis is structurally and nutritionally supported by Sertoli cells. Sertoli cells play an important part in the cyclic changes of germ cells and organelles during localization. Cell organelles such as mitochondria (33), the Golgi apparatus (6), lysosomes (5), lipid droplets (20, 27), and others (3, 21, 46) (45) , and are thought to physically affect sperm head morphogenesis (1 1). It is generally accepted that microtubule-associated motor proteins, kinesisn and cytoplasmic dynein, are related to the transport of various cytoplasmic organelles (2, 9, 10, 16, 17, 23, 30, 38) . They transport membranousorganelles to opposite sides; kinesin to the plusend (4, 35, 37, 41, 42) chromosomes (19, 32, 39) , the endoplasmic reticulum network (1), lysosomes (23), the Golgi apparatus (9, 10), and other vesicles (2, 23, 48) . A heavy chain contains four putative P-loops, nucleotide-binding sites,
with force production as a motor subunit (12, 22, 24, 26, 49) . An intermediate chain is bound to one of the subunits of the dynactin complex Pl50Glued (44) , such that the dynactin complex is localized to small punctuated structures, suggesting an organelle distribution (8, 13, 31 creted vesicles transport may be more activated than the basally directed in Sertoli cells. In spermatids, both kinesin and cytoplasmic dynein have also been detected in a stage-dependent manner (15, 47) . However, the mechanism of the microtubule related stage-dependent and organelle-specific transport system is still obscure. In the present study, the cytoplasmic dynein light-intermediate chain mRNA in the rat testis was examined using northern and in situ hybridization.
MATERIALS AND METHOD

Animals
Wistar Imamichi rats used in this study were maintained in the laboratory, and received feed and water ad libitum. Sexually matured 8-12 weeks old male rats were used for the experi- AmpliTaq goldá" DNApolymerase (Perkin-Elmer, USA), 2.5 mMMgCl2, and 10 mMdNTP. Initial denaturation was at 95°C for 9 min and the amplification cycle was for 30 cycles; then each of the PCRconditions was set at 95°C for 1 min, at 55°C for 1 min, at 72°C for 1 min, followed by final extension step at 72°C for 5 min. Amplification of the cytoplasmic dynein light-intermediate chain was identified using 1%agarose gel electrophoresis, followed by ethidiumbromide staining and observed on a UVtransilluminator (ATTO, Japan).
Subcloning and Determination of Cytoplasmic Dynein LightIntermediate Chain Amplified PCR products (510 bp) from the rat testis and brain were subcloned into pCRá"vector (Invitrogen, USA) according to protocol. Ligated PCRproducts into vectors were transformed into OneShotá"competent cells and selected colonies using an LB agar plate containing 100 jug/ml of ampicillin, 10 mMisopropyl-b-D-thiogalactopyranoside, and 20 mg/ml of X-Gal. The clones inserted the 510 bp CDNAinto the multi cloning sites of vectors. These were then checked by digesting the plasmid DNAwith EcoRI restriction enzyme. The cloned amplification products were characterized by CDNA sequencing. The sequencing reaction was performed with an AutoReadá" Sequencing Kit (Pharmacia, Sweden) and analyzed using A.L.F.á" DNASequencer (Pharmacia, Sweden).
Preparation of RNAProbe
The ribonucleic acid probe was prepared by polymerizing with T7 and SP6 RNApolymerase from template subcloned plasmid DNA,and the inserted nucleotid sequence was consistent with 6 to 515 nt of the LIC-2 open reading frame (18). Plasmids digested with BamHl or EcoKVrestriction enzymes were used as template CDNA for antisense or sense probes, respectively. Digoxigenin labeled antisense and sense probes were polymerized with T7 and SP6 RNApolymerase. Polymerized RNAswere purified and precipitated, and stored at -20°C until they were used.
Northern Hybridization Poly(A)+ mRNAof the testis and brain were isolated by oligo (dT) latex beads (Takara, Japan). Prepared poly(A)+ mRNA (3.5 jug) of the testis and brain were electrophoresed on \% agarose gel containing 0.41 Mformaldehyde in MOPSbuffer. Electrophoresed samples were transferred to a nylon membrane (Amersham, UK)using downwardalkaline transfer protocol (7). Hybridization was performed by incubating with a digoxigenin-labeled RNAprobe for 12 h at 60°C. Signal detection was carried out by incubating the hybridized membrane with alkalinephosphatase-labeled anti-digoxigenin antibody (Boehringer Mannheim, Germany) and followed by treatment with disodium 3-(4-methoxyspiro {1,2-dioxetane-3,2'-(5'-chloro) tricyclo [3.3.1.13, 7] decan}-4-yl) phenyl phosphate (CSPD; Boehringer Mannheim, Germany) and exposure on X-ray film.
In Situ Hybridization Rat testis was per fused with 0.9% physiological saline and fixed in Bouin's fixative. Specimens were dehydrated and embedded in paraffin. They were sectioned, deparaffinized, and washed with 0.01 M phosphate buffered saline (PBS; pH 7.4). Before hybridization, they were pre-treated first with 10 [ig /ml of proteinase K for 10 min at 37°C and then by 4% paraformaldehyde. Hybridization was carried out with a digoxigenin-labeled RNAprobe for 16 h at 42°C. After washing the probes, the signal was detected by alkalinephosphatase labeled anti-digoxigenin antibody or previous page and treatment with BCIP/NBT.
RESULT S
Like the brain RT-PCR product, the rat testis RT-PCR product with sense and antisense primers 5'-ATGGCG CCGGTGGGGGTGGA-3' and 5 -CATTTCCTCTGGT GGAATTT-3', corresponding to 6-515 nt (510 bp) of the rat brain cytoplasmic dynein light-intermediate chain (LIC-2) (18), was amplified near the 506/517 bp DNA marker (Fig. 1) . The subcloned PCR product was then, match exactly with the nucleotide sequence of LIC-2 (data not shown). Thus, this clone was used as template CDNA for cytoplasmic dynein light-intermediate chain RNA probes. Northern blot hybridization was performed in the rat testis and brain with a ribonucleotide probe of sequence LIC-2, which resulted in 3 bands (4.4k, 3.5 k, and 2.0 kb) appearing in the testis lane and 2 bands (4.4 k and 3.5 kb) appearing in the brain lane (Fig. 2) . This result agreed with that of Hughes et al. (18) . The probe of this open reading frame recognized the cytoplasmic dynein light-intermediate chain signals. However, in the testis, the 2.0 kb band was strongest in intensity, the 4.4 kb band was moderate, and the 3.5 kb band was weakest. In the brain, the major band was 4.4 kb, and the weak 3.5 kb band was also detectable. In situ hybridization was performed in the adult rat testis. Positive reactions were observed in all spermatogenic cells, Sertoli cells (Figs. 3 and 4) , and some intersti- tial cells. In spermatogenic cells, pachytene spermatocytes in later stages were especially intense, and spermatogonia and spermatocytes (except for the pachytene phase) were moderately reacted (Fig. 4) . Pachytene spermatocytes were positive stage-dependently. They reacted intensely in early stages (stages I to V or VI), but less intensely than their later stages (after stage VII).
The reaction in spermatids was consistent with moderate intensity, though strong in round spermatids (Fig.   4 ). Sertoli cells were constantly positive throughout all stages, but their intensity was restrained moderately, similar to that in spermatogonia and spermatids (Fig.   4 ).
Although most of the interstitial cells were negative, positive cells were occasionally observed. Their intensity was similar to that of Sertoli cells and spermatogenic cells (except for pachytene spermatocytes). The location of these positive cells seemed to be inconsistent, and sometimes they were not apparent, or visible only in small numbers, and sometimes they appeared as a cluster of cells. The result of clone sequencing indicated that the cytoplasmic dynein light-intermediate chain, LIC-2, also exists in the rat testis. Using northern blot hybridization, 3 bands were detected in the testis, while 2 bands were in the brain. This indicated that there are at least 3 isoforms (4.4 k, 3.5 k, and 2.0 kb) in cytoplasmic dynein light-intermediate chain 53/55, and that the 2.0 kb band is an isoform specific to the testis. In addition, the major band was quantitatively different between the testis and brain. The 2.0 kb band was a major isoform in the testis, but not detected in the brain. Alternatively the 4.4 kb band was a major band in the brain, but not in the testis. The 3.5 kb band was a minor isoform in both the testis and brain. Hughes et al. (18) also detected these bands in a variety of rat tissues using 3'-untranslated probes, suggesting that the 4.4 kb band corresponds to LIC-2 (LIC 53/55). Chicken brain dynein light chain (DLC-A) isoforms were detected as 2.4 k and 1.7 kb messenger by Gill et al. (14) . The probe used here corresponded with the open reading frame of LIC 53/55 containing a Ploop domain. While the results obtained in the present study were almost the samewith those of Hugheset al.
(18), it is interesting that these functional isoforms were quantitatively and qualitatively different between the testis and brain. It is not clear whether or not these isoforms play different functional roles with each other, but the presence of the 2.0 kb isoform maygive rise to the possibility of the existence of LIC 53/55 with a testis-specific transcription system. In situ hybridization indicated that the signal of cytoplasmic dynein light-intermediate chain is expressed in all spermatogenic cells and Sertoli cells. Cytoplasmic dynein may transport many organelles and arrange microtubules, thus almost all cells need the microtubule-associated motor protein. In spermatogenic cells, spermatogonia were moderately positive throughout all stages. The cytoplasmic dynein light-intermediate chain in spermatogonia mayact in mitotic cell division. On the other hand, pachytene spermatocytes were most intensely positive, especially in later stages (stages VII to XIII). Spermatids in earlier stages were stronger than those in later stages. However, they were less intense than late pachytene spermatocytes. The signals in meiotic phase-spermatocytes may be equivalent to the localization of meiotic spindle fibers. It has been suggested that they might be functional in spermiogenesis because round spermatids in earlier stages were more intensely positive than the other spermatogenic cells, except for later pachytene spermatocytes. Expression of other dynein subunits, intermediate (15) 
